The CRISPR/Cas9 genome editing technique has been widely used to generate 22 transgene-free mutants in different plant species. Several different methods including 23 fluorescence marker-assisted visual screen of transgene-free mutants and programmed 24 self-elimination of CRISPR/Cas9 construct have been use to increase the efficiency of 25 genome edited transgene-free mutants isolation, but the overall time length required to 26 obtain transgene-free mutants has remained unchanged in these methods. We report 27 here a method for fast generation and easy identification of transgene-free mutants in 28 Arabidopsis. By generating and using a single FT expression cassette-containing 29 CRISPR/Cas9 construct, we targeted two sites of the AITR1 gene. We obtained many 30 early bolting plants in T1 generation, and found that about two thirds of these plants 31 have detectable mutations. We then analyzed T2 generations of two representative 32 lines of genome edited early bolting T1 plants, and identified plants without early 33 bolting phenotype, i.e., transgene-free plants, for both lines. Further more, 34 homologues aitr1 mutants were successful obtained for both lines from these 35 transgene-free plants. Taken together, these results suggest that the method described 36 here enables fast generation, and at the mean time, easy identification of 37 transgene-free mutants in plants. 38 39
Introduction
Shortly after the CRISPR (clustered regularly interspaced short palindromic repeats) 42 RNA-guided Cas9 (CRISPR-associated protein 9) endonuclease being reported to be 43 able to cleave double-stranded DNA, therefore generate mutations in eukaryotic cells 44 [1, 2] , CRISPR/Cas9 mediated genome-editing has been successful used for gene 45 editing to generate mutations in several different plants including the model plant 46 Arabidopsis and crops such as rice, tobacco and wheat [3] [4] [5] . Since then, the 47 CRISPR/Cas9 genome-editing techniques including the double-stranded DNA 48 cleaving based editing and the nucleotide substitution based editing have been widely 49 used to generate mutations in different plant species, in some cases, to improve 50 agronomic traits such as yield, quality and biotic and abiotic stress tolerances [6] [7] [8] [9] [10] [11] [12] . 51 Thanks to their high efficiency in genome editing and the used of engineered Cas9 52 variants with expanded target space, CRISPR/Cas9 genome-editing systems have 53 brought a bright future for plant breeding [6, [12] [13] [14] . 54 The presence of Cas9 T-DNA in CRISPR/Cas9 genome-edited mutants may 55 affect the phenotypic stability and heritability of the mutation, and transgene-free is 56 likely required for commercial application of CRISPR/Cas9 genome-edited crops [7, 57 10]. Therefore, isolation of transgene-free mutants is one of the most important steps 58 for generation mutants by using CRISPR/Cas9 genome-editing. However, isolation of 59 transgene-free mutants by using the traditional genetic segregation and backcross 60 based genotyping is time consuming and laborious [7, 8, 10] . To improve the efficiency 61 in transgene-free mutant isolation from CRISPR/Cas9 genome edited plants, a few 4 62 different methods have been established [6] [7] [8] 10] . These methods include the 63 fluorescence maker-assisted selection, which allows to isolation transgene-free 64 mutants based on the observation of the absence of fluorescence in seeds produced by 65 transgenic plants [7] ; the active interference element mediated selection, which allows 66 herbicide-dependent isolation of transgene-free plants [8] ; and the programmed 67 self-elimination system, which allows only transgene-free male gametophytes to 68 produce seeds [13] . All these methods greatly reduced workload for transgene-free 69 mutant isolation. However, the overall time length required for the whole process of 70 mutant generation, from plant transformation, to mutatant identification, and then 71 transgene-free mutant isolation remained largely unchanged. 72 Appreciate flowering time is critical for successful sexual reproduction in 73 flowering plants [15] . In order to achieve sexual reproductive successful, flowering 74 plants need to sense and respond to environmental stimuli appropriately, and then 75 integrate the environmental information with endogenous signals to make transit from 76 vegetative growth to flowering [16] [17] [18] . Accumulated evidence suggest that flowering FLOWERING 2) and FT (FLOWERING LOCUS T) [15, 17, [19] [20] [21] [22] [23] [24] . Among them, 82 FLC and CO are major regulators involved in vernalization and photoperiod, the two 83 most important environmental stimuli that control the switch from vegetative growth 5 84 to flowering, respectively, and they function immediately upstream of FT to regulate 85 the switch [15] [16] [17] . 86 FT is the key positive regulator of flowering in Arabidopsis, and at least some of 87 the FT homologues in other plants species including medicago, rice, soybean and 88 trees like poplar and pear also function as activator of flowering [25] [26] [27] [28] . Due to its 89 important role in flowering promotion, FT has been successfully used to reducing 90 juvenile phase of many plants, therefore accelerated the process for plant breeding 91 [15, 27, 29] . 92 Considering that early flowering phenotype caused by overexpression of FT in 93 plants is easy visible, and the resulted short life cycle will accelerate mutants 94 generation, integration of a FT expression cassette into CRISPR/Cas9 may enable fast 95 generation and easy identification of transgene-free mutants in plants. In this study, 96 we introduced a GmFT2a expression cassette into the pHEE CRISPR/Cas9 vector, 97 and inserted two sgRNA expression cassettes to target the AITR1 (ABA induced 98 transcription repressor1) gene, which encodes a novel ABA signaling and abiotic 99 stress tolerance regulating transcription factor in Arabidopsis [30] . We successfully 100 obtained detectable mutations in AITR1 in early bolting T1 Arabidopsis transgenic 101 plants, and obtained homologues transgene-free aitr1 mutants from T2 plants with (Figure 3b ). 157 These results suggest that both target sites in AITR1 can be edited, but homozygous 158 fragment deletion mutants were not obtained in the plants examined. 159 We therefore sequenced the full-length AITR1 PCR products obtained from some 160 of the plants that only produced one PCR product band, to see if we may get 161 homozygous mutants with only one AITR1 target site edited. Indeed, two of the early 162 bolting plants, lines 11 and 15 were identified as homozygous mutants with a single 163 nucleotide insertion at the second target site of AITR1 (Figure 3b ). One of the T1 164 plants with normal bolting phenotype was edited at the second site with a single 165 nucleotide insertion, but was a biallelic mutant (Figure 3b ). We also found that 166 another 9 early bolting plants sequenced was edited in one of the target sites but were 167 not homozygous (Figure 3b ). It should note that among the single site edited mutant, 168 only one was edited at the first target site (Figure 3b ). We also sequenced AITR PCR product from one of the transgene-free plants 193 obtained from line 15 to confirm the genome editing status. We found that it was 194 indeed a homozygous mutant with a single nucleotide insertion occurred in the 195 sequence of the second target site. In this mutant, the single nucleotide insertion 196 AITR1 also led to a few amino acid substitutions, and premature stop occurred after 197 the 232 nd amino acid residue (Figure 6b ). transgene-free homozygous mutants will be obtained (Figure 7) . 220 By using the pHEE-FT vector to generate a CRISPR/Cas9 genome editing 221 construct for simultaneously targeting two sites in the ABA signaling and abiotic 12 222 stress tolerance regulator gene AITR1 [30], we successfully obtained genome-edited 223 transgene-free aitr homozygous mutants ( Figure 6 ). In the T1 generation, about two 224 thirds of the early bolting plants examined have at least one target site edited ( Figure   225 3), indicating that insertion of the GmFT2a expression cassette into the CRISPR/Cas9 226 vector did not affect the editing efficiency of Cas9. However, we noted that including 227 the two plants with fragment deletion, only three plants had mutations at the first 228 target site, suggesting that the two targets selected have different editing efficiency. 229 Had both target sites have high editing efficiency, we should able to obtained 230 homozygous fragments deletion mutants in T1 generation. Nevertheless, we obtained 231 homozygous mutants with mutations occurred at only one target site from the T1 232 plants (Figure 3) , and we obtained homozygous fragments deletion mutants in T2 233 generations ( Figure 6 ). 234 Even though only the double-stranded DNA cleave based CRISPR/Cas9 235 genome-editing system was examined in this study, however, the concept used in this 236 study may also applied to the nucleotide substitution based CRISPR/Cas9 237 genome-editing system to facility transgene-free mutant isolation. 238 It should note that target site editing were also observed in T1 transgenic plants 239 with medium or normal bolting time (Figure 3 ), suggesting that editing efficiency may 240 not positively correlated with early bolting phenotypes. This is likely because FT and 241 Cas9 in the vector were in two different expression cassettes, and were driven by 242 different promoters (Figure 1 early bolting phenotypes should be selected for next step analysis when using this 248 method to generate for genome edited transgene-free mutants. 249 In addition to enable easy identification of transgene-free mutants base on 250 phenotypic observation, the early bolting phenotype also reduce the length of the 251 juvenile phase, which led to reduced overall time length required for generating 252 genome edited transgene-free mutants. In our case, the different bolting time between 253 early bolting transgenic plants and Col wild type plants were more than 10 days 254 ( Figure 2 ). Because early bolting plants were selected in T1, but plants with normal 255 bolting time were selected in T2, the overall time length required for generating 256 genome edited transgene-free mutants in Arabidopsis will be reduced at least 10 days. 257 In some cases, transgene-free mutants may not be able to be identified in T2 258 generations, and had to be identified on T3 generations. In that case, identify mutant 259 from offsprings of the gene-edited early bolting T2 plants may save more time than 260 from that of the transgene-free heterozygous T2 mutants. 261 In this study, the effects of integration of FT expression cassette into 262 CRISPR/Cas9 vector to accelerate transgene-free mutant isolation was tasted only in 263 Arabidopsis, however, considering that the juvenile phase for most of the crops such 264 as rice and soybean lasts for moths, and that for most of the trees including fruit trees 265 apple and pear lasts for years, whereas overexpression of FT greatly reduced the 14 266 length of juvenile phase in most of the plants examined, including all the plants 267 mentioned above [25] [26] [27] [28] [34] [35] [36] , the method described here may benefit even more for 268 genome editing based breeding for the plants with a long juvenile phase. 269 On the other hand, transgenic plants of different plant species may need to be 270 selected in different antibiotics, and multiple genes may need to be edited Seeds of Col wild type were germinated in soil pots, and grown in a growth room. 280 T1 transgenic plants were selected by plating T1 seeds on antibiotic-containing 1/2 281 MS plates. Transgenic seedlings were transferred into soil pots, and grown in a 282 growth room. As a control, seeds of Col wild type were germinated on 1/2MS plates, 283 seedlings were transferred into soil pots and grown in a growth room. The growth 284 conditions in the growth room have been described previously [37, 38] . 
